Since the introduction of accurate methods for measuring oxygen consumption, that function has been repeatedly observed to be increased in persons with congestive heart failure (1, 2, 3, 4) and to decline as improvement occurs (4). The mechanisms underlying these changes have not been clearly defined. In studying a group of patients with heart failure we were impressed with the constancy and magnitude of the alterations in metabolic rate and attempted to identify some of the factors responsible for them.
Since the introduction of accurate methods for measuring oxygen consumption, that function has been repeatedly observed to be increased in persons with congestive heart failure (1, 2, 3, 4) and to decline as improvement occurs (4) . The mechanisms underlying these changes have not been clearly defined. In studying a group of patients with heart failure we were impressed with the constancy and magnitude of the alterations in metabolic rate and attempted to identify some of the factors responsible for them.
This group of patients consisted of individuals with heart disease due to hypertension, syphilis or rheumatic infection. Most of the patients were moderately decompensated, a few had severe failure and a smaller number were without congestive phenomena or had symptoms due to neuroses. The usual measures used in treating heart failure were employed, i.e., rest, sedation, digitalis, diuretics and limitation of fluids. Venesection, thoracentesis and abdominal tapping were resorted to as occasion demanded. Observations were made at frequent intervals under, the usual "basal " conditions with the patient sitting in a wheel chair. The oxygen consumption was measured by gas analysis of the expired air, duplicate determinations being made as a rule. The metabolic rates were calculated on the basis of the edema-free weight, using the Boothby and Sandiford modification of DuBois' standard tables (16) . In order to minimize the factor of nervousness and apprehension the subjects were trained for one or. two days prior to the beginning of the observations. Twenty-five patients were studied. They have been classified in three groups, depending on the response to treatment. Group I consists of 13 individuals who showed marked improvement as evidenced by three criteria, i.e., a loss of weight of at least 5 pounds, an increase in vital capacity of 10 per cent or more and the disappearance of paroxysmal dyspnea. Most of the subjects in this group had moderate or advanced congestive failure at the beginning of the observations. In Group II are six persons who claimed subjective relief but in whom the objective evidences of improvement, although demonstrable, were not sufficient to meet the standards for Group I. In general, the patients in this group were not as severely decompensated as those in Group I. Those in Group III showed either doubtful or no improvement and include the patients with well compensated heart disease or with symptoms due to neuroses.
The results are shown in Table I . The data recorded are the initial level of the metabolic rate and the change in the rate as improvement occurred. In all but two patients the metabolic rate was 10 per cent or more above the calculated normal, when congestive failure was present, and tended to decline with improvement. The highest metabolic rates were found in Group I, where they ranged between 15 and 60 per cent above normal, with an average of 32 per cent above normal. The greatest change in rate with improvement in the clinical state was noted in this group, the average decrease being 22 6. Increased oxygen consumption of the heart itself. The first factor need not be considered in the present study since none of our subjects had fever at the time of observation. The five other factors suggested may be considered separately.
Psychic disturbances Emotional disturbances will vary in different individuals and are to some extent unavoidable. We tried to minimize them by using well trained persons, many of whom had been subjects for respiratory observations on previous admissions. The most obviously neurotic patients were found in Group III, but in this group the metabolic rates remained fairly constant, so that we felt that variations due to psychic factors could not account for the striking changes observed in the other groups.
The factor of altered activity of the thyroid gland Lev and Hamburger (4) suggested that an altered activity of the thyroid gland secondary to circulatory changes may be responsible for the increased metabolism in patients with cardiac disease. The known circulatory changes in congestive failure are a prolongation of the circulation time, and an increase in venous pressure. An attempt was made to produce similar changes in the neck veins of dogs either by suspending the animal upside down or by applying a pressure cuff inflated to 40 mm. Hg. about the neck below the level of the thyroid gland. In several animals so treated over a period of 4 or 5 hours no significant variations in oxygen consumption were observed.
A favorable response to iodine has been considered a good index of the presence of thyrotoxicosis. One patient with severe congestive failure and a basal metabolic level of + 35 did not respond to iodine administration over a period of two weeks-although on the usual cardiac regime he had repeatedly shown marked improvement and a decline in basal metabolic rate to a level of about + 10 per cent. This Observations of interest in this connection have been made in four patients with increased venous pressure, peripheral edema, ascites and hepatomegaly, the results of obstruction to the entrance of blood into the heart. The obstruction in one case was due to a mediastinal tumor, and in the other three to pericarditis (concretio cordis). Dyspnea at rest was not a prominent symptom and the hearts were either normal in size or only slightly enlarged. The levels of the basal metabolic rates in these cases were respectively + 9 per cent, -9 per cent, -11 per cent and -15 per cent. In the last subject following resection
of a portion of the pericardium the venous pressure declined from a level of 400 to 200 mm. H20 without any accompanying change in oxygen consumption. This evidence suggests that increased venous pressure of itself cannot be responsible for elevation of the metabolic rate.
The factor of increased work of respiratory muscles Peabody, Meyer and DuBois made the first satisfactory determinations of the basal metabolic rate in patients with heart disease, and noted an increase in oxygen consumption in dyspneic patients ( 1 ). They stated, " Dyspneic patients must do an increased amount of work in their labored breathing but it is doubtful if this would account The correlation noted above is more striking in the graph for the individual subject. In charting the serial changes as the patient improves the tendency to parallel variation is again brought out. In Figure 2 Sudden and parallel changes in oxygen consumption and total ventilation were observed following abdominal paracentesis in a patient with rheumatic heart disease and massive ascites (Table II) . About tained for at least 24 hours. On account of pain at the site of incision the vital capacity after abdominal tapping could not be determined.
The effect of venesection is illustrated graph-ically in Figure 4 . The initial oxygen consumption was 310 cc. per minute. Following the removal of 500 cc. of blood there was a drop in the oxygen consumption to 260 cc. per minute in a period of two and one half hours. An hour later the blood was reinfused, after which the oxygen consumption rose almost to its original level. The changes in ventilation parallel closely the variations in metabolism. Comparable diminutions in metabolism were observed in 3 other patients in whom venesection was carried out. In only one instance was the blood reinfused.
panied by an increase in the rate of oxygen consumption. There have been identified a number of variables among which are the rate and depth of respirations, the level of ventilation and the presence or absence of respiratory obstruction. Loewy (6) reviewed the earlier investigations on this subject. Lev and Hamburger (4) noted a rise of 17.5 per cent in the metabolic rate in one patient during a period of voluntary hyperpnea. Anrep and Hammouda (7) found in panting dogs that the oxygen consumption increased in proportion to the total ventilation and concluded that the The most marked effect with carbon dioxide overventilation was shown by F. B. (Table III) . an oxygen usage of 265 cc. per minute. Fortyfive minutes after the subcutaneous injection of 0.02 gram of morphine the ratio had declined to 6.4 and the oxygen consumption to 202 cc. That this is not wholly due to the hypnotic effect of morphine is indicated by the fact that subsequently when the breathing of this patient was stimulated by carbon dioxide the oxygen consumption increased to 254 cc. per minute. Furthermore, non-dyspneic patients (as A. M.) showed very little or no change in metabolic rate following morphine.' These observations demonstrate that the increased work of respiration in dyspneic patients is an important factor in the production of their elevated oxygen consumption.
Oxygen consumption of the heart
In evaluating the r6le played by the heart in the increased oxygen consumption in cardiac disease we are forced to depend largely on indirect evidence. The assumption that the heart plays such a role rests on two general propositionsfirst, that the failing heart is dilated; and second, that a dilated heart uses more oxygen in doing a given amount of work than a normal heart. The first has been amply demonstrated in the experimental animal by Patterson, Piper and Starling (8) and by Rohde (9) , and in man by Stewart and Cohn (10) . The second has been established by the work of Evans and Matsuoka (11) and Starling and Visscher (12) . In the heart-lung preparation the latter authors found that the oxygen used by the heart is dependent on the diastolic volume, i.e., the degree of dilatation. As the heart tires it dilates and although the work remains constant the energy expended in doing it may be increased by as much as 60 per cent.
Harrison, Friedman and Resnik (13) studied the effect on the heart of the dog of certain injurious agents, namely, anoxemia, potassium chloride and chloroform. They obtained data for the calculation of the total metabolism, the cardiac oxygen consumption, and the cardiac work. As cardiac failure occurred there was observed in all experiments an increase in the amount of oxygen used by the heart. This was noted even in the presence of a marked diminution in total oxygen consumption and in total cardiac work.
On the basis of these investigations there is little doubt that the heart does contribute to the elevated metabolism in cardiac disease. The question is whether its share is large or small. Starling and Evans (14) , in the heart-lung preparation, found the oxygen consumption of the dog's heart to average 3 2. The hypertrophied heart uses as much oxygen per gram as does the normal.
3. As the heart dilates and fails its oxygen consumption increases about 40 per cent. (This corresponds with the changes observed by Starling and Visscher in the heart-lung preparation, and by Harrison, et al., in the intact dog.)
If under these assumed conditions a patient with a normal oxygen consumption of 200 cc. per minute and with a heart weighing 250 grams, should develop cardiac hypertrophy (heart weight 500 grams), and later decompensation, then the total oxygen consumption, and that of the heart might be as shown in Table V . Figure 5 .
In Table V , which may be taken as representative of severe congestive failure, the increased cardiac oxygen consumption accounts for an increment of 20 per cent in the total metabolism.
SUMMARY
The effect of therapy upon the oxygen consumption of twenty-five patients with heart disease was observed. It was noted that in general those with the most marked evidence of congestive failure had the greatest elevation of metabolic rate, and showed the most pronounced decline in oxygen consumption with improvement. There was a rather striking parallelism between changes in the degree of dyspnea as measured by the ratio were usually effective in reducing the oxygen consumption of dyspneic patients. In one subject the re-infusion of blood that had been removed a short time previously caused the ventilation and oxygen consumption to rise to about their preexisting values.
In addition to the effect of labored breathing, if it can be assumed that observations made upon the failing heart of the dog can be applied to the diseased heart of man, then calculations indicate that the oxygen consumption of the heart also may be an important factor in the elevation of the basal metabolic rate occurring in patients with congestive failure.
DISCUSSION
The above observations indicate that the increased work of the respiratory muscles associated with cardiac dyspnea adds another load to an already overburdened heart. This factor of respiratory effort assumes greater importance as cardiac failure becomes worse, for the ventilation tends to rise and the vital capacity to fall, thus Ventilation .
ncreaSing the ratio Vital capacity in geometric proportions. Procedures which tend to reduce the ventilation (rest, morphine, venesection, paracentesis) or to increase the vital capacity (paracentesis) are beneficial in part through reduction of the work of breathing.
In advanced congestive failure with severe dyspnea the factor of labored breathing seems to play the most important role in elevating the metabolism. The 
